Osmotic Exchanges in the Blood *: (A Preliminary Report) by Peters, John P. et al.
OSMOTIC EXCHANGES IN THE BLOOD*
(A Preliminary Report)
JOHN P. PETERS, A. J. EISENMAN, AND P. M. HALD
Through a long series of experiments conducted in the chemical
laboratories of the Department of Internal Medicine, it has been
demonstrated beyond reasonable doubt that in the test-tube the
membrane of the resting red blood cell is impervious to the bases
Na, K, Ca, and Mg. The term "resting" is used to denote condi-
tions in which metabolic processes within the cell, and especially
glycolysis, are held in abeyance or reduced to a minimum. This is
effected by conducting the experiments rapidly at low temperature.
This point needs emphasis because, as will be shown, neglect to main-
tain this resting state may explain the transfers of base between cells
and serum, which have been reported by many responsible observers
like Ponder. If inorganic basic ions can not cross the red cell mem-
brane, it is clear that the osmotic effects of changes in the concentra-
tions of salt in serum can be compensated only by transfers of water.
This was found to be true of blood in the test-tube. Certain pub-
lished experiments of Lavietes and Bourdillon indicate that tissue
cells in general act in a similar manner. In spite of all these experi-
ments we are faced with the incontrovertible fact that the imperme-
ability of cells to base must be conditioned. If it were not, atrophy,
growth, and the exchanges of necessary cellular constituents would
be hopelessly blocked. For this reason some workers have taken
the position that the apparent impermeability of the cell in vitro is
a sign of death and has no bearing on the reactions of the same cells
in the circulating blood.
This paper deals with certain attempts to analyze the osmotic
reactions of the red blood cells in the body to changes of electrolyte
concentrations and to examine- their permeability to base under cir-
cumstances in which their vitalitycannotbequestioned. Patientswith
severe dehydration and serum base deficiency, after a preliminary
sample of blood had been taken for analysis, were given by intra-
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venous infusion enough hypertonic sodium chloride or sodium sul-
fate to raise the serum base considerably. A little later a second
sample of blood was taken for comparison with the first. Under
carefully controlled anaerobic conditions, cell volume, oxygen capac-
ity, serum proteins, serum base, and whole blood base were deter-
mined. The amounts of base and hemoglobin in the cells were
estimated from the analyses of serum and whole blood with the aid
of the cell volume measurement. The water of cells and serum was
estimated from the amounts of protein in the two media by empirical
formulae recently published by Eisenman, Mackenzie, and Peters.
Only the final calculations will be given here. In table 1 the
first two columns represent, respectively, the ratios of water in the
TABLE 1
THE CHANGES OF WATER AND BASE IN BLOOD CELLS AND SERUM AFTER
INTRAVENOUS INJECTIONS OF SALT SOLUTION.
WcT Bsl Be, B0, Bc0-Bc0 H20 Salt we, B82- cc. m.Eq.
M .... 89.3 94.7 97.4 101.3 3.9 750 256 NaCl
Ti
1-2 100.0 83.6 140.6 96.6 -44.0 1500 641 "
1-3 .. 96.6 85.9 140.6 87.0 -53.6 -
2-3 104.7 102.7 96.6 87.7 -8.9
Bo 93.3 96.2 98.6 86.3 -12.3 1500 513 "
Be 96.0 97.0 111.7 105.1 -6.6 400 240Na2SO4
Cr 93.2 95.8 101.4 113.5 12.1 500 266 "
Ch ... 95.3 96.2 107.6 102.2 -5.4 1000 342 NaCl
S .... 94.2 94.8 104.9 93.4 -11.5 1000 342 "
Tr .... 98.7 94.3 106.6 107.5 0.9 500 256 "
cells and of base per unit of water in serum before and after treat-
ment. If, as is generally supposed, electrolytes compose the major
part of the osmotically active components of serum, and if the blood
cells act as perfect osmometers with membranes impermeable to base,
these ratios should be equal. It is apparent at once that, with one
exception, Ti (1-2), the two ratios agree directionally. The excep-
tion may be referable to a technical error in the first analysis, or to
some unusual pathological change in the cells (the patient was suf-
fering from sun-stroke). With the same exception the ratios agree
in magnitude within the limits of error of the methods, 4 or 5OSMOTIC EXCHANGES IN THE BLOOD
per cent. There is, then, no reason to believe from the changes of
cell volume and the redistribution of water that the cells act other-
wise than as simple osmometers impermeable to base.
In contrast with this, when the actual amounts of base in cells
before and after treatment, Bc1 and Be2, are compared, base is found
to have crossed the cell membrane in all but two instances (M and
Tr). The error of estimating transfers of base in these experiments
should not exceed 4 mg. per cent. It can hardly explain the differ-
ences in Bo, Cr, S, and Ti (2-3). Furthermore, the transfers of base
bear no directional relation to the changes of base concentration in
the serum. The analyses of cells for base, then, indicate that base is
exchanged in an extremely irregular manner between cells and
serum.
At this point we seemed to be faced with a paradox. From the
changes ofcell volume and redistributions ofwater the cells appeared
to act as simple osmometers with membranes impermeable to base;
direct chemical analyses, on the other hand, would indicate that
base traversed the cell membrane in a highly capricious manner
which could not usefully serve the interests of osmotic equilibrium.
The first impulse, when this paradox presented itself, was to impugn
the accuracy ofthe analytical measurements, regardless of theoretical
considerations. Therefore S experiments were conducted in vitro.
In these sodium chloride, potassium chloride or sodium sulfate, as
dry salt, was added to one sample of blood, while an untreated
sample of the same blood was used as a control. Both samples were
subjected to the same analyses as the bloods from the in vivo experi-
ments already described. The estimations of cellular base, however,
in no instance differ by more than 4 per cent, and only once by more
than 2 per cent (table 2).
TABLE 2
EXCHANGES OF WATER AND BASE BETWEEN CELLS AND SERUM OF BLOOD
AFTER ADDITIONS OF SALT IN VITRO.
Exoperiment ~We B8 Bc1 Bc2 Bc*Bc Added to blood
1 0.772 0.771 100.8 101.3 0.5 NaCi 37.3 m.Eq.
2 0.816 0.772 101.3 105.3 4.0 NaCl 36.6m.Eq.
3 0.806 0.751 117.8 116.7 -1.1 KC1 37.1 m.Eq.
4 0.806 0.767 112.3 110.4 -1.9 KCI 36.6 m.Eq.
5 0.846 0.774 112.8 113.7 0.9 Na2SO4 38.0 m.Eq.
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This establishes beyond reasonable doubt the accuracy of the
analytical methods and the calculations involved in the determina-
tion of cell base. In this case the transfers of base after the intra-
venous injections must be accepted as real.
The differences between cell water and serum base ratios are
somewhat larger in these experiments than they were in the infusion
experiments. This results merely from the fact that the changes of
base and cell volume in the former are so large that errors in the
indirect calculation of cell water become important. In another
series of in vitro experiments the water of serum and blood was
measured directly by drying the materials to constant weight
(table 3). In these, again, no evidence of transfer of base can be
TABLE 3
RELATIONS OF TRANSFERS OF WATER BETWEEN CELLS AND SERUM TO CHANGES
OF SERUM BASE AFTER ADDITION TO BLOOD IN VITRO OF SALTS OR WATER.
Experiment W°2 B81 1/2 Addedto blood
W'C, B82.
1 0.800 0.798 1.00 34.7 m.Eq. NaCl and KC1
4 0.849 0.825 1.03 31.3 " "
5 0.817 0.821 1.00 32.2 " KC1
2 0.928 0.942 0.99 9.2 " Na2SO4 and K2Cos
3 0.869 0.938 0.93 13.9 " " " "
6 0.906 0.907 1.00 12.9 " Na2CO3
7 1.334 1.293 1.03 250 cc. H20
8 1.260 1.305 0.97 250 " "
la 0.934 0.926 1.01 11.5 m.Eq. K2C01
2a 0.865 0.757 1.14 35.6 " KC1
3a 0.816 0.779 1.05 35.7 " NaCl
4a 1.189 1.268 0.94 200 cc. H20
5a 1.230 1.322 0.93 250 " "
6a 0.871 0.882 0.99 19.7 m.Eq. Na2CO3
detected. Although, in a few instances, there are rather large dis-
crepancies between the ratios of cell water and of serum base, the
agreement on the whole, as the averages show, is excellent. This
indicates that there is not, as has been repeatedly daimed, in the
red blood cells, any considerable amount of "bound" water,-that is,
water which is not available as solvent.
Since these controls substantiate the accuracy of the methods of
analysis and calculation, the results of the infusion experiments must
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be taken at their face value. It would appear, then, that when the
concentration of salt in the circulating blood is altered, although
moderate amounts of base may pass in either direction across the
envelopes of the red blood cells, these cells, nevertheless, act like
perfect osmometers with membranes permeable to water, but not to
base. To attempt to explain such a paradox is hazardous in the
extreme; nevertheless, we would suggest a hypothesis. In both
in vitro and in vivo expriments the cells acted, as far as water
exchanges are concerned, like osmometers impermeable to base. In
the test-tube, furthermore, base transfers could not be detected by
direct analysis. These in vitro experiments, in which base was not
transferred, are distinguished from the infusion experiments, in
which base was transferred, by the fact that in the test-tube meta-
bolic activities of the blood were held in abeyance. Dr. Lena
Halpern has recently shown that, although neither base nor phos-
phate enter or leave the red blood cell in behalf of osmotic equili-
brium, phosphate can be made to pass freely between cells and serum
in response to certain cellular metabolic activities in which it is con-
cerned. And with this phosphate goes a certain quantity of potas-
sium. It is conceivable, since the activity of potassium combined
with organic phosphate is quite unknown, that exchanges of phos-
phate between cells and serum in connection with metabolic activities
cause litde osmotic disturbance. The intravenous infusions in these
experiments, since they were given for therapeutic purposes to
patients who were seriously ill, may well have altered metabolism
profoundly. In Halpern's experiments osmotic effects of transfers
of phosphate were not carefully investigated. In a few preliminary
studies of movements of phosphate during carbohydrate metabolism
Dann and Hald have foundthat largetransfersofphosphate between
cells and serum in the circulating blood can not be correlated with
changes of cell volume.
On the whole the red cells in the circulating blood seem to react
as they do in the test-tube, expanding and contracting in response to
osmotic influences by exchanges of water without base. At the same
time, whateverits osmotic effect maybe, base must be able to traverse
the cell membrane under particular conditions. These conditions, as
far as they have been reproduced in vitro, appear to be connected
with metabolic activity and to serve no osmotic purpose,-perhaps,
even, to have little or no osmotic effect. Neglect of the distinction
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between resting and active blood and between osmotic and metabolic
demands may be responsible for much of the controversy over the
permeability of the red blood cell membrane. If this distinction
is valid the concentration of base in living cells in their natural
environment must be continually changing, within limits, without
direct relation to osmotic pressure. This concept is supported by
comparison of the base in cells and serum of normal individuals.
According to analyses made by Miss Hald the concentrations of
potassium, sodium, and base in cells were quite variable and not
consistently related to the concentrations of the same substances in
serum.